Inherited cataract is a clinically and genetically heterogeneous disease that most often presents as a congenital autosomal dominant trait. Here we report the linkage of a new locus for dominant "zonular pulverulent" cataract (CZP) to chromosome 13. To map the CZP locus we performed molecular-genetic linkage analysis using microsatellite markers in a five-generation English pedigree. 
Introduction
Congenital or infantile cataract is a significant cause of visual impairment and blindness in childhood, with an estimated prevalence of 1-6/10,000 live births (Lambert and Drack 1996) . As many as half of all congenital cataract cases may have a genetic cause either as part of a systemic disease (e.g., Lowe oculocerebrorenal syndrome) or as a nonsyndromic Mendelian trait (McKusick 1996) . All three types of Mendelian inheritance have been reported for cataract; however, autosomal dominant transmission appears to be the most frequent (Merin 1991) .
At least eight independent loci for autosomal dominant cataract have been genetically mapped, and these show considerable inter-and intrafamilial phenotypic variation (Francois 1982; Lund et al. 1992; Scott et al. 1994) . Clinically distinct types of autosomal dominant cataract, however, have been closely linked genetically, raising the possibility of allelic heterogeneity. The Volkmann "zonular progressive" cataract (Eiberg et al. 1995) and a "posterior polar" cataract (Ionides et al. 1997 ) map to ip, the Coppock-like "nuclear pulverulent" cataract (Brackenhoff et al. 1994 ) and a "polymorphic lamellar" cataract (Rogaev et al. 1996) map to 2q, and the Marner zonular progressive cataract (Eiberg et al. 1989 ) and a posterior polar cataract (Maumenee 1979) map to 16q. In contrast, clinically similar types of autosomal dominant cataract have been shown to be genetically distinct. "Cerulean" cataract has been mapped to 17q (Armitage et al. 1995) and 22q (Kramer et al. 1996) , whereas "anterior polar" cataract has been linked to 17p (Berry et al. 1996) and also is associated with a balanced reciprocal 2; 14 chromosome translocation (Moross et al. 1984) . Finally, a "zonular sutural" cataract has been mapped to 17q (Padma et al. 1996) , and a "zonular pulverulent" cataract has been linked to lq (Renwick and Lawler 1963) .
Clinical descriptions of inherited cataract, by use of a slit lamp, are based on the physical appearance and location of opacities within the lens. The term "zonular" is used to describe opacities that are confined to one or more discrete zones of the lens, other than at the poles (e.g., "lamellar," affecting a zone that encircles the center or nucleus of the lens). The term "pulverulent" refers to finely pulverized or powdery dustlike opacities that can be either zonular or widely dispersed throughout the lens. To Figure 1 Abridged pedigree of the zonular-pulverulent-cataract family used in this study, showing the segregation of six chromosome 13 markers listed in descending order from the centromeric end. Squares and circles symbolize males and females, respectively; and unblackened and blackened symbols denote unaffected and affected individuals, respectively. equal numbers of affected males and females, and maleto-male transmission ( fig. 1 ). Sixteen affected and seven unaffected members of the family underwent a full ophthalmological examination by one of us (A.I.). The cataract, which was bilateral in all cases, consisted of fine dustlike opacities that varied considerably with respect to their zonular location in the lens. In some affected individuals the dustlike opacities formed a lamellar distribution with a clear peripheral cortex and minimal involvement of the central nucleus of the lens. Others had more widely spread dustlike opacities extending into the cortex, with no demarcation of the nucleus. In very mild cases, the dustlike opacities were clustered only around the anterior and posterior Y-shaped sutures of the lens nucleus. Hospital records indicated that usually the cataract either was present at birth or developed within the first few months of life, and there was no family history of other ocular or systemic abnormalities.
Genotyping
Blood samples, taken with informed consent and local ethical approval, were collected in Vacuette EDTA tubes (Greiner), and leukocyte genomic DNA was extracted by use of the Nucleon II kit (Scotlab Bioscience). Genethon microsatellite markers (Dib et al. 1996) were amplified by PCR in an Omnigene thermal cycler (Hybaid).
PCR reactions (10 gl in 96-well microtiter plates) contained 100-200 ng genomic DNA, 1 x PCR buffer (50 mM KCL, 10 mM Tris-HCL pH 9.0, 0.15% Triton-X-100, and 1.5 mM MgCI2), 250 (Rysavy et al. 1992) .
Results
For linkage analysis, 27 members of the pedigree ( fig.  1 ), including 16 affected individuals, 7 unaffected individuals, and 4 spouses, were genotyped with microsatellite markers from the Genethon (AC)" map (Dib et al. 1996) . We first excluded linkage of this cataract phenotype with the zonular pulverulent cataract locus on lq, using markers D1S3OS (Z = -3.96, 0 = .1) and D1S210 (Z = -3.40, 0 = .1), which flank the Duffy bloodgroup locus (Human Genome Database 1996). We then proceeded to exclude other known loci and candidate genes for autosomal dominant cataract (McKusick 1996) on lp (Volkmann cataract and 4-crystallin), 2q (ycrystallin), 3q (phakinin), 1 1q (a2-crystallin), 12q (lens major intrinsic protein), 16p (j-crystallin), 16q (Marner cataract), 17p (anterior polar cataract), 17q (zonular sutural cataract, P3A3/A1-crystallin, and cerulean cataract type 1), 19q (lens integral membrane protein 2), 21q (al-crystallin), and 22q (cerulean cataract type 2 and 0-crystallin). We also excluded the remainder of maining markers in the 11.5-cM interval between D13S1243 and D13S1316 were observed. Chromosome 13 is one of five human chromosomes that are regarded as acrocentric-that is, lacking in a well-defined short arm-and D13S1316 is the most proximal marker available from the Genethon map (Dib et al. 1996) . Thus, the combined Z-value and haplotype data indicated that the cataract locus probably lies in the genetic interval between D13S1243 and the centromeric end of chromosome 13-that is, D13S1243-(O.1 cM)-D13S292-(2.6 cM)-D13S1275-(1.4 cM)-D13S175-(3.2 cM)-D13S1236-(4.2 cM)-D13S1316-cen-13pter ( fig. 3 ).
Discussion
Using molecular-genetic linkage analysis, we have localized a gene responsible for autosomal dominant zonular pulverulent cataract (CZP) to the centromeric region of chromosome 13. CZP is characterized by dustlike opacities showing considerable intrafamilial variation, and it shares certain clinical features with the zonular pulverulent cataract linked to lq (Renwick and Lawler 1963) , which first was described by Nettleship (1909) . The linkage of CZP to 13cen has identified a new locus for zonular pulverulent cataract and brings the current number of mapped loci for autosomal dominant cataract in humans to at least nine, with no obvious candidate genes at four of these loci.
The crystallin genes encode >90% of the cytosolic protein in the lens and, therefore, provide likely candidate genes for inherited cataract. Indeed, the first cataract mutation to be proposed in humans involves novel activation of the yE-crystallin pseudogene, to give the pulverulent opacities that are confined to the central nucleus of the lens in the Coppock-like cataract (Brackenhoff et al. 1994) . In addition, the 3A3/A1 crystallin gene is a strong candidate for zonular sutural cataract on 17q (Padma et al. 1996) , and a cerulean cataract maps close to the 0-crystallin gene cluster on 22q (Kramer et al. 1996) . Furthermore, dominant mutations in the ,3B2-, yE-, and 4-crystallin genes have been associated with cataract in the Philly mouse (Chambers and Russell 1991) , the eye lens-obsolescence mouse (Cartier et al. 1992) , and the 13/N guinea pig (Rodriguez et al. 1992) , respectively. However, the discovery that mutations in the gene for lens major intrinsic protein cause cataract in the mouse (Shiels and Bassnett 1996) supports the notion that lens genes other than those for crystallins also may be involved in human inherited cataract.
The CZP locus identified here was discovered during a candidate-gene search of chromosome 13, to which the gene for connexin46 (CX46) had been assigned previously (Schwartz et al. 1992) . CX46 is abundantly expressed in lens-fiber cells and at low levels in heart and kidney (Paul et al. 1991) . Recently, the cytogenetic localization of CX46 has been refined to band region qilq12, close to the centromere of chromosome 13 (Mignon et al. 1996) . Thus, CX46 represents a strong candidate gene for CZP and indeed may be syntenic (Mouse Genome Database 1996) with the rupture of the lenscataract gene on mouse chromosome 14 (Matsushima et al. 1996) . It is also noteworthy that the lens CXSO gene has been assigned to chromosome 1 (Church et al. 1995) and, therefore, represents an attractive candidate gene for the zonular pulverulent cataract that is linked to the Duffy blood group on lq (Renwick and Lawler 1963) . Moreover, disease-causing mutations in the human CX32 and CX43 genes have been shown to underlie X-linked Charcot-Marie-Tooth neuropathy (Bergoffen et al. 1993) and visceroatrial heterotaxia syndrome (Britz-Cunningham et al. 1995) , respectively. Currently, we are sequencing the CX46 gene for mutations in the CZP family and are identifying additional informative markers in the region, to enable fine mapping and, ultimately, positional cloning of the authentic cataract gene if CX46 is excluded.
